gastric neurosis, gastroptosis, or refl ux esophagitis (Wingate et al., 2002) . Even though there have been great advances in our understanding of the neurohumoral mechanisms controlling gastrointestinal motility in health and disease, the underlying pathogenesis of this condition is not fully understood, therefore, various drugs are used in the treatment of gastrointestinal motility disorders.
INTRODUCTION
Gastrointestinal motility in mammals is regulated by complex and mutual interactions among neurotransmitters, hormones and spontaneous muscle contractility (Greenwood and Davison, 1987; Zenilman 1993) . Therefore, decreased gastrointestinal motility may be involved in the etiology of indefi nite gastrointestinal complaints such as poor appetite, abdominal distension, and vomiting associated with chronic gastritis, The present study was undertaken to determine whether combined treatment with prokinetic trimebutine and mosapride has a synergic effect on gastrointestinal motility and visceral pain associated with gastrointestinal dysfunction. To develop effective gastroprokinetic agents with greater potencies than trimebutine or mosapride for the treatment of gastrointestinal tract disease, a mixture of trimebutine and mosapride was designed and prepared. In the present study, treatment with trimebutine alone showed a dose-dependent effect on propelling movements of normal small and large intestine in mice, whereas mosapride effected only small intestine motility. Co-administration of trimebutine with mosapride, a well-established prokinetic drug, produced a synergistic infl uence on normal small intestine motility, but demonstrated an unclear effect on large intestine motility, with a slight tendency to reduce the propelling time. In a stress model, the small and large intestine motilities were signifi cantly decreased. The reduction of intestine motility was restored to a normal level and the restoring effect was more pronounced in the combined treatment with trimebutine plus mosapride than treatment with trimebutine or mosapride alone. Furthermore, treatment with trimebutine plus mosapride signifi cantly decreased acute visceral pain which was not controlled by trimebutine or mosapride alone. These data suggest that combination therapy with trimebutine plus mosapride has a synergic effect on small and large intestine motility and visceral pain control in gastrointestinal disorders.
www.biomolther.org laboratory animals. Five-week-old male ICR mice (Samtako, Korea) weighing −20 g were used and allowed to acclimatize for 1 week before use in experiments. The animals were housed in an air-conditioned animal room maintained at 23-24 o C, 50-65% humidity, with a 12 h light-cycle. The animals had free access to food and water.
Drugs
For the model of small intestine motility, trimebutine, mosapride or trimebutine-mosapride complex (TM complex, 100:5.29 w/w) was dissolved in 25% ethanol. All drugs were administered by oral dosing, 30 min before each experiment.
Gastrointestinal stress model
Gastrointestinal stress was induced using the water-immersion restraint model (WIR). Effi cacy of the stress model was confi rmed by gastric mucosal lesion formation in mice. Prior to experiments, the animals were deprived of food, but not water for 12 h. The animals were then placed in a restraint cage and immersed in the water bath (22 o C) to the level of the xiphoid process, as previously described (Takagi and Okabe, 1968) . After 8 h stress, the animals were allowed to acclimatize for 1 h before use in experiments.
Propelling test of small and large intestine
All drugs were administered 30 min before the propelling test of the small or large intestine. For the small intestine propelling test (Zhang et al., 2005) , conducted 30 min after test drug administration, 0.2 ml/mouse of 25% BaSO 4 suspended liquid was orally administered to the mice. All mice were sacrifi ced 20 min after the administration of 25% BaSO 4 , and the entire small intestine was removed. The small intestine, from pylorus to the boundary of ileum and cecum, was isolated and its length was designated as "total length of small intestine". The length from pylorus to the foreland of 25% BaSO 4 suspension was designated as "BaSO 4 suspension propelling length".
BaSO 4 suspension propelling ratio
BaSO 4 suspension propelling length (cm) = total length of small intestine (cm)] ×100%.
For the large intestine propelling test, conducted 30 min after test drug administration, 0.1 ml/10 g of 25% BaSO 4 suspended liquid was orally administered to the mice. After the 25% BaSO 4 suspension was excreted from the anus, the time interval between 25% BaSO 4 dosing and excretion was measured.
Writhing test
This test was selected as a model of acute peritoneovisceral pain, which can serve as a model of clinically relevant intestinal pain in humans (Dubinsky et al., 1987) . Mice were injected i.p. with 10 ml/kg of 0.75% acetic acid (AA) and the number of writhes was counted during a 15 min period starting 5 min after administration of AA solution. A writhe was defi ned as a contraction of the abdominal muscles accompanied by an elongation of the body and extension of the hindlimbs. The drugs were administered p.o., 30 min before the AA injection.
Statistical analysis
All data were expressed as mean ± SD. Statistical analytractions in the small intestine or making them stronger, but without disrupting their rhythm (Reynolds and Putnam, 1992) . They are used to treat a number of gastrointestinal disorders, including irritable bowel syndrome, gastritis, acid refl ux disease, gastroparesis, and functional dyspepsia (Washabau, 2003; Chicella et al., 2005; Boyle et al., 2009) . The promotility agents include drugs that act, at least in part, as 5-hydroxytryptamine-4 receptor agonists (Delco et al., 2007) , the motilides, including erythromycin (Hawkyard and Koerner, 2007) , a cholecystokinin receptor antagonist (Koop et al., 1986; Chua et al., 1994) and an opioid receptor antagonist that does not cross the blood brain barrier (Holzer, 2004) .
Among a variety of prokinetic drugs, trimebutine is unique in being an enkephalin agonist which is clinically effective for the treatment of both hyperkinetic and hypokinetic motility disorders (Luttecke, 1978) . The action of trimebutine in the gastrointestinal tract is mediated via an agonist effect on opiate receptors, the release of gastrointestinal peptides such as motilin, and modulation of the release of other peptides, including vasoactive intestinal peptide, gastrin, and glucagons (Delvaux and Wingate, 1997) . As regards the mechanism of trimebutine's effect, several investigations indicated a direct action of trimebutine on the contraction of the isolated smooth muscles of the small intestine and colon. In these reports, trimebutine had both relaxing and excitatory effects on the smooth muscles (Nosaka et al., 1984; Takenaga et al., 1984a; Takenaga et al., 1984b; Takenaga et al., 1986) . Shimada et al. (1990) reported that trimebutine has a Ca 2+ antagonistic effect and inhibitory effect on the ACh-induced inward current, so it is expected to have a relaxing effect on the intestinal smooth muscle cells. Therefore, trimebutine may have biphasic effects on the intestinal smooth muscle cells.
Mosapride citrate is a novel benzamide gastrointestinal prokinetic agent whose structure contains a morpholine ring (Yoshida et al., 1993 ) and a selective 5-HT4 receptor agonist with no affi nity for 5-HT1, 5-HT2, adrenaline α or dopamine D2 receptors (Sakurai-Yamashita et al., 1999; Kii et al., 2001) . The principal metabolite of mosapride (M1) is a weak serotonin 5-HT3 antagonist. Mosapride has been known to be effective in improving overall symptoms in patients with gastrointestinal disorders, including chronic gastritis, gastrooesophageal refl ux disease and functional dyspepsia (Curran et al., 2008) .
In clinical practice, both trimebutine and mosapride, which has a different mechanism in exerting a prokinetic effect on GI motility, have been used individually in the treatment of patients with disturbances of gastrointestinal motility. Extensive work has been conducted to elucidate the benefi cial and unfavorable effects of individual GI prokinetic agents in humans. However, little is known about the synergic effects of both agents in combination. In the current study, we investigated the prokinetic effect of trimebutine alone and the effect of trimebutine administered in combination with mosapride in a murine model. In addition, we examined if the combination treatment could attenuate acute visceral pain associated with gastrointestinal dysfunction.
MATERIALS AND METHODS

Animals and treatment
All animals were handled in accordance with Korean Na- 
RESULTS
Eff ect of TM complex on BaSO 4 suspension propelling ratio of small intestine in mice
The BaSO 4 suspension propelling ratio in the normal control group was 31.1 ± 5.5%. Compared with normal control, trimebutine (25, 50, 100 and 150 mg/kg) induced increases of the BaSO 4 suspension propelling ratio of the small intestine of 35.6 ± 6.2%, 39.3 ± 9.1%, 45.7 ± 8.1% and 47.9 ± 6.5%, respectively (Fig. 1) . Although different doses of trimebutine enhanced propelling movement with increasing dose, 100 and 150 mg/kg induced signifi cant increases (p<0.05 vs normal control). Therefore, we used trimebutine (100 mg/kg), mosapride (5.29 mg/kg) and TM complex (trimebutine 100 mg/kg and mosapride 5.29 mg/kg) in this study. Mosapride and TM complex signifi cantly increased the propelling ratio (p<0.05 vs control), and reached 50.9 ± 6.0% and 57.7 ± 5.2%, respectively (Fig. 2) . WIR stress signifi cantly decreased the BaSO4 suspension propelling ratio to 23.4 ± 4.7% (p<0.05 vs normal control) (Fig. 3) . In the WIR stress model, trimebutine, mosapride and TM complex increased the propelling ratios to 30.8 ± 4.5%, 28.4 ± 5.1% and 40.8 ± 4.8%, respectively (Fig.  3) . Trimebutine and TM complex signifi cantly increased the propelling ratio (p<0.05 vs normal control), and TM complex was more effective than trimebutine alone. Although TM complex was the most effective in stimulating BaSO 4 suspension propelling movement of small intestine in both normal conditions and the WIR stress model, its effect was more pronounced in the WIR stress condition. www.biomolther.org
Eff ect of TM complex on BaSO 4 suspension propelling time of large intestine in mice
The BaSO 4 suspension propelling time of the large intestine in the normal control group was 3.18 ± 0.24 h. Compared with the normal control, trimebutine (100 and 150 mg/kg) induced signifi cant decreases (p<0.05), and doses of 25, 50, 100 and 150 mg/kg reached 3.21 ± 0.25 h, 3.11 ± 0.18 h, 2.86 ± 0.24 h and 2.81 ± 0.29 h, respectively (Fig. 4) . TM complex (trimebutine 100 mg/kg plus mosapride 5.29 mg/kg) signifi cantly decreased the propelling time to 2.49 ± 0.30 h (p<0.05 vs normal control) (Fig. 5) . WIR stress signifi cantly increased the BaSO 4 suspension propelling time to 4.15 ± 0.28 h (p<0.05 vs normal control) (Fig. 6 ). In stress model group, trimebutine, mosapride and TM complex induced signifi cant decreases in the propelling time (p<0.05 vs stress control), and reached 3.63 ± 0.25 h, 3.54 ± 0.37 h and 2.87 ± 0.25 h, respectively (Fig.  6 ). The TM complex was more effective in modulating large intestine BaSO 4 suspension propelling movement in the WIR stress model than in normal conditions.
Antinociceptive eff ect of TM complex on writhing behaviors in mice
Acetic acid administration produced a typical pattern of writhing behavior. Time-response curves obtained for trimebutine (100 mg/kg), mosapride (5.29 mg/kg) and TM complex (trimebutine 100 mg/kg and mosapride 5.29 mg/kg) are depicted in Fig. 7 . The abdominal contraction number for the control group was comparably increased at 20 min after AA administration, and remained elevated at 60 min. The numbers of writhes in drug-treated groups were increased at 30 min after AA administration, and began to decrease at 40 min. Thus, the number of writhes was counted during a 15 min period starting 40 min after AA injection. In the mouse writhing test, the number of writhes in the normal control group was 22.2 ± 3.5. The number of writhes in the trimebutine, mosapride and TM complex-treated groups were 20.1 ± 3.2, 18.2 ± 3.4 and 15.8 ± 4.6, respectively (Fig. 8) . Trimebutine, mosapride and TM complex induced signifi cant reductions in the number of writhes, compared with the control group (p<0.05). WIR stress signifi cantly increased the abdominal contraction number (p<0.05 vs normal control) (Fig. 8) . In stress model group, trimebutine and TM complex induced signifi cant decreases in the number of writhes (trimebutine, p<0.05 vs stress control; TM complex p<0.01 vs stress control). TM complex was the most effective regimen for reducing the writhing number in the WIR stress model, suggesting that, in stressed conditions, TM complex may have a greater antinociceptive effect than trimebutine or mosapride alone.
DISCUSSION
In this study, trimebutine alone showed a dose-dependent effect on propelling movement of normal small and large intestine in mice, whereas mosapride had an effect only on small intestine motility. Co-administration of trimebutine with mosapride, a well-established prokinetic drug, produced a synergistic infl uence on normal small intestine motility, but showed an unclear effect on large intestine motility with a slight tendency to reduce the propelling time. In a stress model, both the small and large intestine motilities were signifi cantly decreased. The reduced intestine motilities were restored to normal levels and the restorative effect was more pronounced following the combined treatment with trimebutine plus mosapride than with trimebutine or mosapride alone. Furthermore, the trimebutine plus mosapride treatment signifi cantly decreased acute visceral pain, which was not controlled by trimebutine or mosapride alone. These data suggest that combination therapy with trimebutine and mosapride produces a synergic effect on small and large intestine motility and visceral pain control in gastrointestinal disorders.
Trimebutine is a unique prokinetic agent that it is an enkephalin agonist clinically effective for the treatment of both hyperkinetic and hypokinetic motility disorders (Luttecke, 1978) . Especially, trimebutine has a dual effect, showing a stimulatory effect on the hypomotile gastrointestinal tract, but an inhibitory effect on the hypermotile tract. In the present study, trimebutine has produced an increase in motility in normal small and large intestine. The acceleration of motor activity with trimebutine was more evident in the hypo-motility condition in small and large intestine induced by WIR stress, suggesting that trimebutine may be more effective in conditions of gastrointestinal disorder. The action of trimebutine in the gastrointestinal tract may be due to various pharmacological mechanisms mediated via an agonist effect on peripheral mu, kappa and delta opiate receptors, the release of gastrointestinal peptides such as motilin, and modulation of the release of other peptides, including vasoactive intestinal peptide, gastrin, and glucagons (Tanaka, 1998; Uchiyama et al., 2000; Kountouras et al., 2002) . In clinical practice, trimebutine has been used in the treatment of patients with disturbances of gastrointestinal motility, such as abdominal pain, dyspepsia and irritable bowel syndrome (Delvaux et al., 1997) .
Mosapride is also a prokinetic agent that acts selectively on the 5-HT 4 receptors (Kii et al., 2001; Curran et al., 2008) . It has been reported that the prokinetic effect of mosapride on gastrointestinal motility was somewhat different from that of other 5-HT 4 -receptor agonists such as cisapride, renzapride and zacopride (Yoshida et al., 1991) . Specifi cally, mosapride selectively enhanced motility in the upper gastrointestinal tract, such as in the stomach and intestine, whereas cisapride and zacopride stimulated the motility in all sites of the gastrointestinal tract from the stomach and the colon in conscious dogs (Mine et al., 1997) . The previous results are in agreement with the present data showing that mosapride alone induced a more pronounced increase of motility in normal small intestine than that in normal large intestine. However, the prokinetic action of mosapride was evident in a hypo-motile condition induced by WIR stress in both small and large intestine. The present data show that mosapride is able to normalize the pathological state in both the upper and lower intestine.
In clinical practice, combination therapy with pharmacologically different drugs has sometimes produced a synergic effect by exerting a unique pharmacological action. The present data from animal experiments demonstrated that TM complex increased the motility of small intestine and large intestine more than trimebutine or mosapride alone. Under normal conditions, there was a signifi cant motility increase with TM complex compared to trimebutine alone, whereas there was no signifi cant change of small intestine propelling effect between mosapride alone and TM complex. This non-signifi cant effect between mosapride alone and TM complex might be due to the unique action of mosapride, selectively enhancing the motility of the upper gastrointestinal tract. This means there is no synergic effect under normal conditions. In contrast, the synergic effect occurred in hypo-motility conditions in the stress model. It has been suggested that in irritable bowel syndrome or other functional disorders. trimebutine has a favorable effect that enhanced upper intestine motility (Kountouras et al., 2002) . In contrast, trimebutine has been reported to have an inhibitory effect on a hypermotile lower intestinal tract (Matsue et al., 1990) . These effects are believed to result from a direct action on the intestinal smooth muscle. The potentiation of trimebutine by mosapride might result from different pharmacologic mechanisms. The ability of mosapride in enhancing the motility of the upper gastrointestinal tract adds to the modulatory effect of trimebutine on gastrointestinal motility, since mosapride selectively acts on the 5-HT 4 receptor, which mainly exists in the intestine (Curran et al., 2008) . It stimulates antroduodenal motility and accelerates intestinal transit in mice with low gastrointestinal motility.
Besides its regulatory effects on gastrointestinal motility through its weak opioid properties, trimebutine is also able to infl uence the activity of visceral afferents, which could be due to its blocking effect on sodium channels (Roman et al., 1999) . Therefore, trimebutine has shown its benefi cial effects on abdominal pain in patients with gastrointestinal dysfunction. Mosapride also alleviated abdominal pain and abdominal distension, indicating that mosapride is useful for the treatment of irritable bowel syndrome patients with constipationtype irritable bowel syndrome (Odaka et al., 2006) . Although trimebutine or mosapride alone did not attenuate visceral pain in a stress model, the co-treatment with trimebutine plus mosapride signifi cantly decreased acute visceral pain. However, despite increasing insights into the exact mechanisms under-www.biomolther.org lying the direct actions of trimebutine and mosapride, it remains unclear how these mechanisms are modulated.
In summary, our results indicate that TM complex may be more effective than a single agent in the propelling test or writhing test. These effects are more evident in a gastrointestinal disorder model induced by WIR. This study might provide evidence that the combined treatment with trimebutine plus mosapride may produce a synergic effect on gastrointestinal motility and visceral pain control in gastrointestinal disorders. It is postulated that the synergic effect may result from a potentiating effect of one agent acting through a different pharmacological mechanism than the other agent.
